In the Czech Republic, there is still a predominance of obsolete apple orchards that were established more than 15 years ago and that are not profitable under contemporary conditions. Typical features of these orchards are low or medium tree densities, freely growing semi-standard trees or hedgerows on semi-dwarf, or sometimes also on vigorous, rootstocks. The farmers are not always in a position to completely renovate them, and therefore they are interested in their topworking. The present paper studied the effectiveness of this measure under the current economic and market conditions of this country, using 3 types of orchards with different spacings and rootstocks and 5 groups of tree densities. Four cultivars were chosen as examples of different starting statuses for the modelling of subsequent development in three time horizons and for the prediction of profitability of this treatment. The profitability is based on an increase in farmer prices for cultivars that are presently recommended for replacement of the older ones according to the recent development of these prices on the fresh market. In the case of topworking for Spartan cv., an economic return of the measure can be expected at the earliest after 8 years of running the treated orchard. The greatest increase in profit can be achieved in orchards on the rootstock M 9. Nevertheless, with the decline of tree numbers in the orchard, or with the increase in tree losses, the general economic effectiveness of topworking notably falls. In the case of trees on the rootstock MM 106, this measure can have an economic effect only if at least 80% of the trees is in a good health state and it is presumed that the orchard will be used for another 10 years at least. A list of recommended cultivars to be used for replacement of the old ones is given.
Topworking is a practice of changing the entire tree top or a part of it to a different cultivar by means of grafting. Apple trees are topworked to a more preferable cultivar, and sometimes to provide better conditions for cross-pollination (TESKEY, SHOEMAKER 1972) . This practice of changing cultivars was quite common in the past when the longevity of apple orchards was much longer (STANTON, DOMINICK 1964) . Recent world developments of apple growing systems are towards very dense plantings whose economic efficiency is based on very fast returns of the invested costs that are extremely high (WEBER 2000) . In these plantings, it is not possible to use topworking because the lack of harvest for one or two years would switch the whole economic balance into a loss.
Currently, the situation in the Czech Republic is different because new orchards with high planting densities that could be compared with European standards (JANSSEN 1992; WIDMER, KREBS 2000) are still in the minority. On the contrary, there is a predominance of obsolete apple orchards that were established more than 15 years ago and that are not regarded as sufficiently efficient under contemporary conditions. For these reasons, the average yield in commercial apple orchards in this country has fluctuated between 14.4 and 21.6 t/ha only during the last five years (BUCHTOVÁ 2001) . Typical features of many of these old orchards are low or medium tree densities, in row systems of freely growing semi-standard trees or hedgerows on semi-dwarf or sometimes also on vigorous rootstocks. Because of the strong tree growth, these orchards are relatively demanding for the extent of pruning. As regards the cultivars, Spartan and Idared were the most frequently used, however sometimes even such cultivars as Oldenburg, Ontario or Boskoop could still be found there. In recent years, these apples are increasingly more difficult to sell on the fresh market due to competition of more valuable varieties, and therefore many growers sell them only for processing at a very low price.
On the other hand, a majority of smaller fruit producers in this country who started their apple growing business only after the recent privatization manage with a permanent shortage of financial means because of the weak economy of the country and cannot afford to invest a lot of money into the renovation of their orchards. The capital investment necessary for establishing a new apple orchard has multiplied in comparison with previous periods whereas revenues from present fruit plantings have increased at a lower rate. That is why these growers now have to ask a question whether it is worth investing in a partial renewal of their orchards by topworking.
For the above reasons, the researchers conducted this study aimed at predicting the final economic balance after applying this alternative in a range of presently obsolete orchards that still exist in this country. For this purpose, we have used our own results gathered by evaluation of cultivars in a range of apple orchards and information on present costs and incomes obtained from five farms (own unpublished data), and certain statistical data elaborated and published by the Fruit Union of the Czech Republic. To estimate the possible direction for further development, we used a modelling method that is analogous to some procedures already used in the past (STEHR 1988) .
MATERIAL AND METHODS
For this study three models of orchards with different tree spacings and rootstocks were chosen, all of which were the most frequently planted in the Czech Republic during the period . These three variants were further subdivided into five partial groups to simulate different densities of coverage by healthy trees in real orchards. The reduction in the original number of trees could be due not only to their complete loss but also to severe damage of the trees for example by wood diseases or mechanically during previous orchard management, etc. We assigned an average yield per tree (as a mean for each rootstock from several cultivars) to these source parameters that was obtained from the results of appraisals in selected orchards of given types during 1997-2001. Based on the set tree numbers and average tree yields, we calculated the average annual yields (tons) per hectare for particular variants and partial groups.
As examples of different economic situations in older apple orchards, four cultivars were chosen: Spartan, Oldenburg, Boskoop and Ontario. These cultivars greatly differed in total economic returns per hectare in the past.
Concerning flat costs, we separately took into account the required fixed costs that have to be spent annually in orchards regardless of standing conditions and other variable costs. The fixed costs included all mechanized works and labour input that were connected with orchard management, materials and consumable costs (chemicals for plant protection, fertilizers, etc.), depreciation, and land rent or land tax. The variable costs included expenditures for tree pruning (that would change according to the number of trees per hectare), costs of harvesting, transport and post-harvest manipulation and treatments of harvested apples. The total income for Spartan cv. was calculated from the total crop, providing a 75% share of extra fancy and fancy class ex post under the contemporary average farmer price of the cultivar (8,450 CZK for one ton) and surplus share of apples for processing ex post under the contemporary farmer price of 2,200 CZK for one ton.
In the case of Oldenburg cv., the total income was calculated provided that the whole crop was sold as apples for processing. For Boskoop cv., the total income was estimated to be about one third lower and for Ontario cv., about one half lower than it was for Spartan cv. The estimated decrease due to the reduction in average yield of these cultivars corresponded mainly to different tendencies for biannual bearing.
Costs of topworking were recorded on four different farms. Data on a new entry into bearing after topwor- king were taken from cultivars, and evaluated in twelve orchards (BLAŽEK, VARGA 2002) . For simplification of the following calculations, the absence of harvest after topworking (as well as the time needed for training of topworked trees) were rounded by two years in the case of trees on M 9 rootstock, by 2.5 years for MM 106 and by three years for trees on M 1 rootstock. During these periods of yield absence after topworking, only fixed costs were calculated in the general balance besides the flat costs of topworking, and not the variable costs (because the costs of tree training were included in the costs of topworking).
In the general balance of incomes after topworking, the same average yield was used as with trees without topworking, however, for 75% proportion of extra fancy and fancy class ex post the farmer price of 12,300 CZK for one ton was used that was obtained by averaging concurrently the farmer price for all cultivars presently recommended for topworking of obsolete varieties.
To compare the given economic calculations in relation to world currencies, the exchange rate of the Czech Crown fluctuated during the time of the evaluation as follows: 1 USD = 38 CZK and 1 EURO = 33 CZK.
RESULTS AND DISCUSSION
A survey of average yields per tree that were recorded in older orchards, and after accounting for categories of different tree densities in tons per hectare (that were used for subsequent calculations), are given in Table 1 . These yields ranged between 6.9 t/ha and 13.4 t/ha according to the main variants and tree densities. The average annual value of fixed costs in the monitored farms was 41.5 thousand CZK. Variable costs fluctuated from 19.5 to 33.4 thousand CZK in the orchard variants and groups.
Costs of topworking are given in Table 2 . These costs included labour expenses for topworking itself, material costs (mainly the price of budwood), and costs of tree training before restoration of its bearing. These costs range between 43.5 and 75.4 thousand CZK per hectare.
The average farmer price for the most important early winter apple cultivars that are grown in the Czech Republic are shown in Table 3 . The best apples for the fresh market were sold for about 50% higher price than The apples of the majority of old cultivars were also sold for a similar price. Apples for processing were sold at a nearly four times lower price than the average price on the fresh market.
The total expected economic effect of topworking under contemporary price levels in the Czech Republic, and without overhead costs for Spartan cv., is given in Table 4 . It is evident from the data that the benefit of topworking can be realized in this case at the earliest after 8 years of running the orchard. The greatest profit could be achieved in orchards on the rootstock M 9. Nevertheless, with the decline of tree numbers in the orchard or with the increase in tree losses, the general economic effectiveness of topworking notably falls. In the case of trees on the rootstock MM 106, this measure can have an economic effect only if at least 80% of the trees are in a good health state and it is presumed that the orchard will be used for another 10 years at least. With trees on vigorous rootstock M 1, economic backflow of topworking could be expected only in the case of a very healthy orchard without any losses. The results of the economic balance of the investigation on the effects of topworking in the case of all four observed cultivars (Spartan, Oldenburg, Boskoop and Ontario) are illustrated in Figs. 1-3 . The anticipated profit or loss (pursuant to contemporary prices) is compared after balancing total direct costs (without overhead) and total incomes for the given periods of further exploitation of these orchards. It is obvious from the data that topworking with a valuable cultivar greatly reduces the extent of economic loss, but the grower can ensure the achievement of real profit only under certain circumstances.
In the case of running orchards only for a six-year period since topworking (Fig. 1) , the profit of the treatment could be expected only with trees on the rootstock M 9 at densities 1,000 trees per 1 ha or higher, particularly with all of the cultivars except Spartan cv.
If the orchards were managed for the duration of 8 years (Fig. 2) , the profit or increase in the profit could be achieved after topworking with all cultivars on the rootstock M 9 at higher densities than 750 trees per hectare. After topworking of trees on the rootstock MM 106 with supposedly 8 years of orchard management, a profit could be obtained only in the variant with the highest number of trees.
In the potential case of managing an orchard for the duration of 10 years (Fig. 3) , it would be possible to achieve a profit or increase in the profit after topworking by all cultivars and all tree densities; however, the profit rate is greatly increased with standing tree density. In the case of trees on the rootstock MM 106, a profit could be expected only with higher tree densities, and in the case of trees on the rootstock M 1, only the variant with the highest number of trees would be expected to be close to the boundary of profit.
Certain positive results of the effect of topworking on restoring profitability in some of the old orchards that were found in this work contrast with the statement that at the present time apple orchards with average yield under 15 t/ha could not be profitable (PIENĄŻEK et al. 1995) . It can be seen from our results that lower yields may be compensated by higher prices of new cultivars with higher fruit quality (BERRITT 1999) .
It is obvious from the above presented results that the total expected profitability of topworking is not dependent from a certain value of the income on the variety that should be replaced, but on the vigour of rootstock (or rather on the type of orchard), on completeness of the stand and on the good health state of the trees, which are the basic presumptions of long-term exploitation of a given orchard. In conclusion, it should be emphasized that the effects of topworking are also considerably dependent upon the proper choice of a suitable cultivar that should be determined by the market (and thereby presumed to win a higher farmer price) and should have at least an average level of yield in the given climatic and soil conditions. Similarly, the results in common present orchards after topworking are better the more modern the orchard and the higher its tree density. This conforms to previously published papers aimed at the influences of these factors (STEHR 1988; JANSSEN 1992; WIDMER, KREBS 2000) .
On the basis of the overall evaluation of a broad set of varieties and with respect to their climatic and soil requirements, the following cultivars are recommended to be used for replacement of obsolete ones by topworking (BLAŽEK, VARGA 2002):
For warm regions (annual mean temperature above 9°C): Golden Delicious, Gala, Jonagold, Florina, Goldstar and among the new ones: Braeburn.
For regions with annual mean temperature 7.5-9°C: Jonagold, Topaz, Angold, Gala, Rosana, Melodie, Šampion, Rubinola, Selena, Rubín, Bohemia and Gold Bohemia.
For cold regions (annual mean temperature below 7.5°C): Jonalord, Rajka, Rosana, Rubinola, Rubín, Bohemia and Gold Bohemia.
